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Description 

The present Invention relates to improvements 
in brushless D.C. motors and, more particularly, 
to such motors employing permanent msgnat s 
rotors and commutation circuits controlled by 
Hall effect elements, 

Conventional D.C. motors, employing seg- 
mented commutators and brushes to aohieve the 
polarity switching necessary for rotation, present w 
certain obvious shortcomings. The wear on 
brushes and commutator segments necessitates 
periodic maintenance and/or replacement and 
the sparking occurring between the brushes and 
commutator segments produces undesirable is 
radio disturbances. Moreover, the sparking 
presents a hazard where the motor is exposed to 
inflammable or explosive gases. 

To avoid the disadvantages of mechanical 
commutation, a number of commutatorless no 
systems for D.C. motors have been devised over 
the years. Basically, these systems employ some 
means for detecting or responding to rotation of 
the rotor to switch currents through the stator 
windings, so- that the polarity of the latter are 2s 
periodically reversed to maintain rotation. With 
the advent of solid state technology, It has been 
possible to reduce the physical size of the re- 
quired circuitry such that it may be incorporated 
in the motor without any appreciable Increase in so 
overall size of the structure. 

In one commercial form of brushless D.C. 
motor, a permanent magnet rotor Is used and 
the rotation of the magnets Is sensed by Hall 
effect elements. A Hall effect element, or Hall 36 
cell, Is a low-power semi-conductor device, cur- 
rent flow through which can be altered by mag- 
netic flux to produce a voltage output across a 
pair of output electrodes. The greater the mag- 
netic flux density to which it is exposed, the 40 
greater the voltage output developed. 

United States Patent Specification No. 
3,631,272 discloses a D.C. electric motor having a 
groove formed perpendicular to the rotating 
direction of the rotor at the centre of the peri- 4s 
pheral surface of one or more poles of the stator. 
A plurality of Hall elements are arranged at the 
centre of a substrate which Is Inserted Into the 
groove. 

United States Patent Specification No. bo 
3,809,935 discloses a D.C. motor of the type 
commutated by Hall generators and solid state 
switching elements. It comprises a stack of parts 
connected together to an end of the motor 
through which its field winding conductors ex- sb 
tend, and including a mounting for the Hall 
generators. 

In these known motors employing Hall effect 
devices, the Hall effect devices are generally 
exposed to the magnetic fields generated by the so 
permanent magnet rotor and the stator poles 
and complex circuitry Is provided to sense the 
potential output of the Hall devices and generate 
the driving currents for the stator windings. 
Because of the normal response of Hall effect bb 



devices, these known motors require sophisti- 
cated mechanical adjustments to the rotor and/or 
stator structure to insure constant speed rotation 
of the rotor. These modifications may take the 
form of additional ferromagnetic members on 
the stator structure for the purpose of Interacting 
with the rotor magnets to provide increments of 
torque In the gaps between energization of the 
stator windings. In another form, the air gap 
between the stator and rotor gradually increases 
and then decreases across each stator pole face 
for the purpose of storing and then releasing 
magnetio energy, to supply torque between 
periods of energization of the stator colls. 

In another known system, complex mounting 
arrangements for the Hall effect devices are 
necessary to expose them to the magnetic flux 
from both the rotor magnets and the stator poles 
so that they counter each other and reduce 
voltage peak3 through the driving transistors for 
the motor colls, thereby smoothing operation of 
the motor. 

Another problem inherent In known D.C. 
brushless motors Is difficulty In starting rotation 
of the permanent magnetic rotor, since the rotor 
tends to seek a rest position at the lowest reluct- 
ance point when the' motor is shut off, 

According to the present Invention there is 
provided the combination of a brushless D.C. 
motor and a commutation circuit; the motor 
having at least one stator winding and a per- 
manent magnet rotor; the semiconductor com- 
mutation circuit means for switching current In 
the at least one winding of the stator In depend- 
ence on the angular position of the rotor and to 
change the angular position of the magnetic field 
of the stator; the rotor carrying at least one 
permanent magnet having at least one pole pro- 
ximate the stator, extending arcuately through a 
first angle and operative to Impart rotary motion 
of the rotor upon commutated energization of 
the stator winding; the commutation circuit In- 
cluding switching means having a first state for 
conducting current through the winding in one 
direction and a second state terminating conduc- 
tion of current through the winding in that direc- 
tion, and Hall effect sensing means for detecting 
the angular position of the rotor to control com- 
mutation; characterized In that the Hall effect 
sensing means Includes at least two Hall effect 
devices for changing output states in response to 
a magnetic field and effectively arcuately spaced 
apart by a second angle, each Hall device being 
coupled In control relation with the same switch- 
ing means to cause that switching means to 
assume one of Its said states when the first of 
the Hall devices Is effectively proximate the rotor 
permanent magnet pole, maintaining the switch- 
ing means In said one of Its said states when 
either or both Hall devices are effectively proxi- 
mate said magnet pole and returning the switch- 
ing means to the other of Its said states when the 
second Hall device effectively leaves the 
Influence of the magnet pole, whereby the com- 
mutation arc of the permanent magnet Is ex- 
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tended beyond the first angle of its arcuate 
spacing by the Hall devices, 

The present invention will now be described in 
greaterdetafl byway of example with reference to 
the accompanying drawings, wherein:— 

Figure 1 is a partial cross-sectional view 
through a preferred form of brushless D.C. motor 
showing the mechanical arrangement thereof; 

Figure 2 Is a simplified vertical section through 
the motor, taken along the line 2—2 of Figure 1 ; 

Figure 3 Is another vertical section of the motor, 
taken along the line 3—3 of Figure 1, particularly 
showing the orientation of the Hall switches; 

Figure 4 is an illustration of a commercially 
available Hall switch for use with the motor 
shown in Figure 1; 

Figure 5 is a schematic circuit diagram of the 
commutating circuit In accordance with the 
present Invention; and 

Figure 6 Is a series of waveforms for explaining 
the operation of the circuit shown In Figure 5, 

The brushless D.C, motor shown in the draw- 
ings will be described In connection with a typical 
application, such as e fan, Such a fan is indicated 
at 10 In Figure 1, which Is a cross-sectional view 
through the unit. Typically, a fan would comprise 
a spider or support plate 1 2 from which a series of 
outwardly extending struts 16 carry a venturi 14 
which defines an air passage. The rotor assembly 
is indicated generally by the reference numeral 20 
and the stator assembly by the reference numeral 
30, Fans of this configuration are commonly 
known as tubeaxial fans. 

A series of blades 26 extend radially from a hub 
24 mounted on the rotor 20 of the motor. The hub 
24 Is fastened by screws 25 to a rotor frame 22. 

The spider 12 Is generally circular in shape and 
includes an axial bore at its centre defined by a 
tubular inward extension 12a. Extending through 
the bore of the tubular extension 12a is an arbor 
32 which carries stator laminations 40. 

Similarly, the rotor frame 22 Is circular In shape 
and carries a shaft 28 which extends inwardly of 
the frame along the motor axis. As will be seen In 
Figure 1, with the stator and rotor assemblies 
combined to form the completed motor, the shaft 
28 extends wtthln the arbor 32, bearings 34 being 
provided to journal the shaft within the arbor. The 
arbor 32 Is closed by a cap 36 which prevents 
leakage of the bearing lubricant and protects the 
motor against dust and dirt, Although a conven- 
tional spring-loaded ball bearing arrangement Is 
illustrated In the drawing. It will be understood 
that other appropriate types of bearings may be 
used. 

Extending through slots 41 in the stator lamina- 
tions 40 (see Figure 2) are stator windings 42, the 
headspool portions of which are illustrated on 
either side of the laminations 40 in Figure 1. 
Insulating end caps 44 and 45 surround and 
protect the headspool portions of the stator wind- 
ings 42 against abrasion and damage, 

The stator assembly 30 so far described Is of the 
snap-together construction as shown for example 
in the specification of U.S. Patent No, 3,919,572, 



As Is shown in the above referred to Patent 
Specification, and 8s illustrated in Figure 1 of the 
present specification the stator 30, Including the 
arbor 32 with a radial flange 31 at its left end and 
s the annular detent groove 33 near its right end, 
annular leaf spring 38, and insulating end caps 44 
and 45, Is assembled by first slipping the leaf 
spring 38 over the arbor, followed by the spider 
12, intermediate elements 60 and 64 (to be de- 
w scribed later), the end cap 45, the stator stack 40 
with its headspool portions and, finally, the end 
cap 44 which has locking fingers forming Its 
Interior diameter. The dimensions of the forego- 
ing elements and the location of the annular 
is detent groove 33 on the arbor are such that when 
all these elements are pressed towards the flange 
31 at the left hand end of the arbor, the locking 
fingers will engage the detent groove 33 on the 
arbor and hold the assembly firmly together. 
20 The member 60 is a disc-like printed circuit 
board containing the components of the elec- 
tronic circuit Illustrated In Figure 5 and shown 
schematically at 62. The member 64 Is an electric- 
. ally insulating, thermally conducting layer which 
2t> protects the circuitry on the board 60 and the 
elements from contact with conducting members 
of the stator assembly 30 while at the same time 
allowing heat to be conducted to the spider 12. 
The latter Is made of aluminium or other highly 
30 thermally conductive material to act as a heat 
sink. A spacer ring 61 which may be Integral with 
the spider 12 maintains the proper spacing of the 
circuit board 60 when the stator is assembled as 
above described. Power leads are coupled from a 
35 suitable connector on the spider through a hollow 
strut 16 to the printed circuit board 60, in known 
fashion. 

The rotor assembly includes an axlally extend- 
ing tubular member 52 which Is supported in 
40 cantilever fashion from the periphery of the rotor 
frame 22. The member 52 Is formed of material 
having good magnetic properties, such as cold 
rolled steel while the rotor frame 22 Is of non- 
magnetic material, such as aluminium. 
45 The member 52, referred to as the rotor back 
iron, carries on Its Interior surface a series of 
elongated, curved permanent magnets 50, 
arranged around the stator laminations, as can be 
seen In Figure 2. The magnets may be formed of 
any suitable material, although ceramic magnets 
are preferred. 

As will be evident from Figure 1, the axial 
length of the magnets 50 Is substantially greater 
55 than the axial length of the stator stack 40, 
enabling proper orientation of the Hall switches 
70, as will be described hereinafter. The natural 
tendency of the rotor magnets to centre them- 
selves axlally with respect to the stator stack is 
i 0 accommodated in the motor design illustrated to 
minimize bearing stress. 

Referring now to Figure 2, which shows the 
shape of the stator laminations 40, It will be seen 
that the magnets 50 comprise two pairs of sag- 
S mented elements 50a and 506, arranged within 
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the tubular member 62. The magnets 50a and 506 
each extend over somewhat less than 180 degress 
. of angular distance, e,g. 150°, leaving gaps be- 
tween the two magnet segments. As Indicated In 
Figure 2, the magnet pair 50a Is magnetized such 
that Its Inner surface Is Its north pole and Its outer 
surface Its south pole, whilst the magnet pair 506 Is 
magnetized In the reverse manner. 

The stator laminations 40 are of a generally 
conventional type, having winding slots 41 pro- 
vided therein to accommodate the stator wind- 
ings, shown diagrammatlcally as 42a and 426. 
Although shown as two separate windings in 
Figure 2 and In the circuit of Figure 5, the windings 
42s and 426 may, in fact, be a single centre-tapped 
winding. 

The stator slots 41 are closed at their peripheral 
openings by magnetic bridges 46 and 47 which 
complete the magnetic circuit of the stator. As will 
be explained hereinafter, the bridge member 48 Is 
made longer than the stack to facilitate proper 
registration of the motor elements during 
assembly. 

As shown in Figure 2, each of the laminations 40 
Is formed with steps 43a and 436 extending about 
one quarter of the distance along the respective 
pole faces 41a and 416. These steps, which are 
about 0.228 to 0.254'm,m. In depth, are formed at 
the trailing edge of each pole face (with the 
direction of rotation of the rotor being in the 
clockwise direction as seen In Figure 2). In the 
assembled stack 40, each of the two pole faces will 
have a step, or reduced diameter portion, extend- 
ing along Its length at Its trailing edge. 

Since the step presents an air gap of Increased 
reluctance as compared to the remainder of the 
pole face, the magnets 50a and 606 will centre 
. themselves around the remainder of the pole face, 
l.e.,thelow reluctance portion oftheairgap,when 
the motor is not energized. As will be explained 
more fully hereinafter, the angular displacement 
of the magnets with respect to the stator pole faces 
resulting from the step Insures proper starting and 
direction of rotation of the motor. 

Also shown In Figure 2 are the positions of two 
Hall effect switches 70 In the relation to the stator 
poles and the rotor magnets in de-energlzxed 
condition of the motor. One of the Hall switches Is 
located substantially aligned with the opening in 
one of the stator slot3 while the other switch Is 
displaced about 30 degrees In an anti-clockwise 
direction from the first switch, while both are 
exposed to the magnetic field from the rotor 
magnate 50a. The precise angular position of the 
Hall switches can be varied somewhat to optimize 
motor performance. 

Figure 3 shows the face of the printed circuit 
board 60 from the same direction as the structure 
in Figure 2. The Hall switches 70, the physical 
shape of which is illustrated In Figure 4, are 
mounted with the pins 72 inserted into suitable 
sockets provided In the panels 60 so that the switch 
extends perpendlcularlyfrom theface of the panel. 
To allow the switches 70 to extend Into the space 
between the magnets 50 and the stator headspool 



portions 42 {see Figure 1 ) the and cap 45 Is notched 
as shown. To effect proper alignment of the stator 
assembly wtth respect to the Hall switches, and 
thus with the rotor in the de-energized condition, 
5 an'openlng is provided in the printed circuit panel 
opposite the Hall switches, to accommodate an 
extended portion of the bridge member 46 which 
closes the stator slot on the associated side of the 
statdr. Thus, properly aligned assembly of the 
io stator stack may be accomplished simply by 
slipping It over the arbor 32 and rotating it until the 
bridge member 46 engages the corresponding 
opening In the circuit panel 60. This key makes 
Improper mounting of the statorstack on the arbor 
is 32 Impossible. 

Turning back now to Figure 2, It will be seen that 
with the rotor initially in the de-energized position 
shown, if poles 41a and 416 are magnetized with 
the proper polarities, magnets 50a will be attracted 
20 by the pole 416 and repelled by the pole 41a and 
magnets 506 attracted and repelled by the poles 
41a and 416 respectively. This initial alignment 
starts the rotor structure rotating in a clockwise 
direction. If, as the rotor magnets reach their low 
25 reluctance position adjacent the opposite pole 
faces, the polarities of the poles are then switched, 
the movement of the rotor magnets will continue. 
Thereafter, alternate switching of . the stator 
polarities will maintain rotation of the motor In that 
30 direction. The switching operation Is achieved by 
the circuit shown in Figure 5, the components of 
which are mounted on the circuit board 60. 

A commercially available Hall switch is shown In 
Figure 4. The Hall element Itself Is centered with 
3B respect to the broad face of the package and is 
responsive to a predetermined magnetic field 
polarity, Thus, the Hall switches 70 must be 
oriented in a particular manner with respect to the 
energizing magnetic field to produce the binary or 
40 digital voltage output required. In the present 
application, as seen in Figure 1, the Hall switches 
70 are mounted adjacent the interior wall of the 
magnets. Since the rotor magnets 50a are mag- 
netized oppositely from the magnets 506, the Hall 
45 switches 70 will be activated only by one of the 
rotor magnet pairs. In the chosen type of switch, 
the Hail element is most responsive to flux from a 
south magnetic pole directed to the front face of 
the unit, 

so Figure 5 Is a schematic circuit diagram of the 
commutating circuit, It will be understood that the 
components and conductors illustrated in Figure 5 
are mounted on the printed circuit board 60 in the 
usual manner, discrete components such as trans- 
55 istors, resistors, etc. being designated generally by 
the numeral 62 In Figure 1. 

D.C. power is applied between positive terminal 
100 and earth or negative terminal 101 to supply 
both the stator colls and the commutating circuit. 
so A diode 102 couples the Input power to the 
common terminal of stator coils 42a and 426 whilst 
a diode 104 couples power to a voltage dividing 
and regulating circuits for powering the com- 
mutating circuit. 
65 The voltage dividing and regulating circuit in- 
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eludes a resistor 1 06 and a zener diode 1 08 whose 
zsner breakdown voltage Is selected to be about 9 
volts. The resistor 106, together with a transistor 
Q1, functions as a variable resistor and serves to 
maintain 9 volt D.C. at the emitter electrode of the 
transistor Q1 over a range of differing D.C. Input 
voltages V+, The stator windings may be de- 
signed for a specific applied voltage, for example, 
12, 24 or 48 volts, depending upon required 
characteristics, whilst In each case, the com- 
mutatlng circuit elements would require the same 
9 volt level. It will ba appreciated that the circuit 
panel 60 and its components need not be 
changed for any available Input voltage extending 
up to 56 volts because the voltage division and 
regulating circuit consisting of the transistor 01, 
the resistor 106 and the zener diode 108 provides 
the proper voltage level for the control circuit 
regardless of the voltage applied to the stator 
windings. 

The Hall effect switches 70 are connected In 
parallel between the emitter electrode of the 
transistor Q1 and earch with their output ter- 
minals connected by a resistor 110 to the 9 volt 
power supply at the emitter electrode of the 
transistor Q1. Since, as described above, the 
output of the digital switch Is In binary form, i.e., 
at some finite positive voltage or at earth, it will 
be seen that If the output of either or both of the 
switches are at the zero voltage level (the logical 
"0"), the voltage at their junction will be at the 
zero level. Only when both of the switches are at 
the positive voltage level (the logical "1") will the 
voltage at their junction be at the positive level. In 
the case of the chosen digital switch, the output of 
the unit will normally be at the logical "1", I.e., 
positive voltage, and will switch to the logical "0" 
(zero voltage) when the magnetic flux density to 
which It Is exposed exceeds a predetermined 
threshold level. 

With both of the Hall switches 70 providing a 
logical "1" output, positive potentials are applied 
to the bass electrodes of transistors Q2 and Q4 
through the resistors 114, 120, rendering both of 
these transistors conductive, conduction of the 
transistor Q4 permits current flow through the 
coll 42o, thereby energizing the corresponding 
statoT pole. Conduction of the transistor Q2 main- 
tains transistor Q3 non-conductive, thereby pre- 
venting current flow through stator coil 42a. 

When either or both Hall switches 70 are sub- 
jected to appropriate polarity and value of mag- 
netic flux density, the output drops to the logical 
"0" state, turning off the transistors Q2 and Q4. 
As the transistor Q2 turns off, its collector voltage 
rises, turning on the transistor Q3 to provide 
current flow through the stator coll 42a. The turn- 
off of the transistor Q4 terminates current flow 
through stator coll 426. It will be seen then that 
alternate energization and de-energlzatlon off the 
Hall switches 70 by the magnets of the permanent 
magnet rotor will switch current flow between the 
stator colls 42a and 426, thereby alternately man- 
getizing the stator poles with opposite polarity. A 
resistance-capacitance network, 116, 118 con- 



nected to the base electrode of the transistor Q3 
and a similar network 120, 122 connected to the 
base electrode of the transistor Q4 prevent the 
respective transistors from turning on and off too 
e rapidly, thereby reducing voltage and current 
transients to minimise radio frequency Inter- 
ference and power consumption of the circuit. 

The waveforms of Figure 6 help to explain the 
operation of the circuit of Figure 5. The waveform 
to A appears at the common output terminal of the 
Hall switches 70, the +9 volt level representing 
the logical "1" condition. The sloped portion at 
the leading edge of each pulse represents the 
effect of the resistance-capacitance network at the 
is base electrode of the transistor Q4. 

The waveform B Illustrates the current flow 
through the coll 426 when the transistor Q4 is 
rendered conductive and waveform C the current 
flow through the stator coll 42a. The small current 
20 pulse appearing at the termination of each major 
current pulse represents the current flow pro- 
duced by the Inductive effect of the coll when 
applied current ceases. The diode 102 prevents 
switching transients from the stator coils from 
25 reaching the power supply and the diodes 102 
and 104 protect against accidental reverse con- 
nection of the power supply. 

Starting and rotation of the motor proceeds as 
follows. With no power supplied, the rotor of the 
30 motor would align Itself, for example, in the de- 
energized position shown In Figure 2. In this 
position, the Hall elements of the switches 70 are 
not affected, since the direction of the fringe flux 
from the magnet 50a Is opposite to the response 
35 characteristic of the element. Thus the Hall 
switches are not energized and their output (at 
point A, Figure 5) is at the logical "1" level, 
turning on the transistor Q4 and energizing the 
stator coll 426. Stator pole face 416 becomes a 
no "south" pole and pola face 41a a "north" pole 
with coil 426 energized, tending to draw magnets 
50a and 606 towards pole faces 416 and 41a, 
respectively, in a clockwise direction and, simul- 
taneously, repelling magnets 50a and 506 from 
4S pole faces 41a and 416, respectively. 

As magnet 50a rotates past the Hall switches 
70, the output of the latter remain In the "1 " state 
and that condition will prevail until the magnet 
506 rotates to overlap the closest of the Hall 
so switches. 

At that instant, the fringe flux orientation from 
the magnet 506 is In the proper direction to 
activate one of the Hall switches 70, thereby 
changing the output to the "0" state, turning off 
ss the transistor Q4 and turning on the transistor Q3. 
Current now flows through the stator coll 42a 
energizing the stator pole face 41a 8S a "south" 
pole and the pole face 416 as a "north" pole. The ' 
attraction-repulsion sequence continues In this 
so configuration for another 180° of rotation. I.e. until 
the magnets 506 completely clear both Hall 
switches 70 and they return to their "1" states, 
whereupon the stator coll 426 Is again energized. 
The sequence continues to maintain rotation. 
SS When power to the motor is turned off, the 
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rotor will assume a de-energized position, such as 
sown in Figure 2. In the motor illustrated, four de- 
energized positions are possible: Two primary 
positions in which the rotor magnets are centered 
on "the larger diameter stator pole surfaces, as In 
Figure 2, and two secondary positions with the 
rotor magnets centered at points intermediate the 
primary positions. It does not matter which rotor 
magnet Is facfng which stator pole face when 
stopped, since the Hall switches will be appro- 
priately energized or de-energlzed upon reappll- 
oatlon of power to assure Immediate starting in 
the proper direction of rotation. 

From the foregoing, It will be evident that the 
present Invention provides a simple, reliable and 
Inexpensive D.C. brushless motor that avoids 
many of the shortcomings of the known devices. 
Although a two-pole embodiment has been de- 
scribed, the principles of the Invention are equally 
applicable to other multiple pole configurations. 
Similarly, different configurations of the rotor 
magnets may be employed. For example, a single 
magnet segment may be used In place of each 
magnet pair 50s, 506, or a continuous ring mag- 
net with appropriately magnetized segments may 
be employed. Further, as noted hereinabove, the 
invention Is applicable to the conventional In- 
terior rotor-exterior stator motor arrangement, as 
well as. the inverted configuration described. 

It will be appreciated that in the above de- 
scribed brushless D.C. motor, that by virtue of the 
use of the circuit employed to effect switching of 
the stator poles, the same circuit board and 
components may be used with motors requiring 
different D.C. potentials for operation. For 
example, Identical circuit boards may be utilized 
in motors whose operating voltages range up to 
56 volts. This results In substantial manufacturing 
savings and simplicity, allowing production of a 
variety of motors for different purposes with sub- 
stantial economies over systems requiring 
separate circuit designs for each different motor, ■ 

Attention is drawn to our Application No. 
81.301930.4. (Publication No. 0040484) from 
which this Application has bean divided. 

Claims 

1. The combination of a brushless D.C. motor 
and a commutation circuit; the motor having at 
least one stator winding (42) and a permanent 
magnet rotor (20); the semiconductor commuta- 
tion circuit means {60, 62) for switching current in 
the at least one winding (42) of the stator (30) In 
dependence on the angular position of the rotor 
and to change the angular position of the mag- 
netic field of the stator; the rotor carrying at least 
one permanent magnet (50) having at least one 
pole proximate the stator, extending arcuately 
through a first angle and operative to impart 
rotary motion of the rotor upon commutated 
energization of the stator winding; the commuta- 
tion circuit including switching means (Qj — d) 
having a first state for conducting current through 
the winding in one direction and a second state 
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terminating conduction of current through the 
winding in that direction, and Hall effect sensing 
means (70) for detecting the angular position of 
the rotorto control commutation; characterized in 

s that the -Hall effect sensing means includes at 
least two Hall effect devices (70) for changing 
output states In response to a magnetic field and 
effectively arcuately spaced apart by a second 
angle (0), each Hall device being coupled in 

w . control relation with the same switohlng means to 
cause that switching means to assume one of Its 
said states when the first of the Hall devices (70) is 
effectively proximate the rotor permanent mag- 
net pole (50a), maintaining the switching means 

is In said one of its said states when either or both 
Hall devices (70) are effectively proximate said 
magnet pole (50a) and returning the switching 
means to the other of Its said states when the 
second Hall device (70) effectively leaves the 
Influence of the magnet pole (50a), whereby the 
commutation arc of the permanent magnet Is 
extended beyond the first angle of Its arcuate 
spacing by the Hall devices. 

2. The combination according to claim 1, further 
characterized in that the permanent magnets (50) 
of the rotor extend arcuately less than 180', the 
Hall effect devices are at least two Hall switching 
means (70) changing output stages In for 
response to a magnetic field, said two Hall switch- 
ing means are connected In "OR" configuration 
with the winding when either Hall switching 
means responds to the magnetic field on the one 
rotor magnet, whereby one winding Is energized 
as one of the Hall switching means enters the 
magnetic field of the magnet and Is de-energlzed 
when the other Hall switching means leaves the 
magnetic field of the one magnet, and whereby 
the effective arc of commutation of the rotor 
magnet is Increased for com mutation purposes, 

3. The combination according to claim 2, further 
characterized In that the rotor comprises two of 
said rotor magnets (50a, 60b) defining, respec- 
tively, North and South poles facing the Hall 
switching means and arcuate unmagnetized 
areas between the two magnets, the two Hall 
switching means (70) are spaced apart arcuately 
substantially the arcuate spacing between the two 
magnets. 

Patentanspruche 

1, ^Combination aus einem bOrstenlosen Gleich- 
strommotor und elnem Kommutations- 
schaltkreis, bel der der Motor mindestens eine 
Statorwicklung (42) und elnen Permanent- 
rnagnetrotor (20) aufwelst, die Halblelter- 
kommutatlonsschaltkrelselnrichtung (60, 62) zur 
Schaltung des Stroma in der mindestens elnen 
Wlcklung (42) des Stators (30) In Abhangigkelt 
von der Winkelstellung des rotors und zur Ande- 
rung der Winkelstellung des Magnetfeldes des 
Stators dlent, der Rotor mindestens elnen 
Permar)tmagneten (50) tragi, von dem slch min- 
destens eln in der Nahe des Stators beflndllcher 
Pol bogenformlg uber einen ersten Wlnkel er- 
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streckt und duroh den dem Rotor bel ainsr kom- 
mutferten Erregung der Statorwicklung elne 
. Drehbewegung ertellbar 1st, der Kommutatlons- 
schaltkrels elne Schalterelnrlchtung {Q a — Q 4 ), die 
einen ersten Zustand fQr eine Stromleltung durch 
die Wicklung in elner Rlchtung und alnen die 
Stromleltung durch d(e Wicklung in dleser Rlch- 
tung baendenden zwelten Zustand aufweist und 
elne Halleffektfuhlereinrichtung (70) fur elne Er- 
fassung der Winkelstellung des Rotors zur Steue- 
rung der Kommutation umfaRt, dadurch gekenn- 
zeichnet, da/1 die Halleffektfuhlereinrichtung min- 
destena zwei Ihre AusgangszustSnde anspre- 
chend auf eln Magnetfeld Sndernde und effektiv 
bogenftirmig um einen zweiten Winkel (6) von- 
einander beabstandete Hallaffekteinheiten (70) 
aufweist, deren jede in steuerndar Bezlehung mit 
derselben Schalterelnrlchtung gekoppelt 1st, um 
die Schalterelnrlchtung zur Annahme elnes Ihrer 
Zustande zu veranlassen, wenn sich die erste der 
Halleinheiten (70) effektiv In der NShe des 
Permanentmagnetpols (50a) des Rotors beflndet, 
die Schaltereinrlchtung In diesem einen Ihrer 
ZustSnde zu halten, wenn slch elne der beiden 
Oder belde Halleinheiten (70) effektiv In der Nahe 
des Magnetpols (50a) beflnden und dieSchalter- 
elnriohtung In den anderen ihrer Zustande zuruck- 
zufiihren, wenn die zwelte Halleinhelt (70) effektiv 
den EinfluB des Magnetpola (60a) verlBfit, wobal 
der Kommutationswinkelbogen des Permanent- 
magneten durch die Halleinheiten (iber den er- 
sten Winkel seiner Bogenerstreckung hinaus 
erweitert wlrd. 

2. Komblnatlon nach Anspruch 1, farner da- 
durch gekennzeichnet, dafJ sich die Permanent- 
magnete (50) des Rotors im Bogen uber wenlger 
ala 180° erstrecken, die Hallaffekteinheiten minde- 
stens zwei ihre Ausgangszustande ansprechend 
auf eln Magnetfeld andarnde Hallschalter- 
einrichtungen (70) slnd, die zwei Hallschalter- 
elnrichtungen In "ODER"-Konfiguration mlt dsr 
Wicklung verbunden slnd, wenn eine der beiden 
Hallschaltereinrlchtungen auf das Magnetfeld dss 
einen Rotormagneten anspricht, wobel elne Wick- 
lung erregt wlrd, wahrend eine der Hallschalter- 
' einrichtungen In das Magnetfeld des Magneten 
elntritt und aberregt wird, wenn die andere Hall- 
schaltereinrlchtung das Magnetfeld des einen 
Magneten veriafit, und wobel der effektive 
Kommutationsbogenwinkel des Rotormagneten 
fur Kommutationszwecke vergrolSert wird. 

3. Komblnatlon nach Anspruch 2, ferner da- 
durch gekennzeichnet, dafJ der Rotor zwei der 
Rotormagnete (50a, 50b) aufweist, die jeweils den 
Hallschaltereinrlchtungen gegendberstehende 
Nord- und Stidpole und bogenfdrmige unmagne- 
tlslerte Bereiche zwischen den beiden Magneten 
festlegen, wobel . die zwei Hallschalter- 
einrlchtungen (70) bogenmSGIg Im wesentllchen 
um den Bogenabstand zwischen den beiden Ma- 
gneten vorelnander beabstandet sind, 

Revendicatlons 

1. Comblnalson d'un moteur a courant contlnu 
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sans balals et d'un circuit de commutation, le 
moteur ayant au moins un enroulement de stetor 
(42) et un rotor (20) a almants permanents; des 
moyens de circuit de commutation a seml- 
5 conducteurs (60, 62) pour commuter le courant 
dan's le ou les enroulements (42) du stator (30) 
selon la position angulalre du rotor et pour 
changer la position angulaire du champ magneti- 
que*du atator; le rotor portantau moins un aimant 
io permanent (50) ayant au moins un pole a proxl- 
mite du stator, s'etendant de facon arquee sur un 
premier angle et adapte pour Impartlr un mouve- 
ment de rotation au rotor lors d'excltatlons com- 
muters de I'enroulement du stator; le circuit de 
;s commutation comportant des moyens de com- 
mutation (Q2-Q4) ayant un premier etat pour 
condulre le courant a travars I'enroulement dans 
una direction en un second etat achevant la 
conduction de courant a travers I'enroulement 
20 dans cette direction, et des moyens de detection a 
effet Hall (70) pour ddtecter la position angulaire 
du rotor pour commander la commutation; 
caracterisee en ce que les moyens de detection h 
effet Hall comportent au moins deux dispositlfs a 
25 effet Hall pour changer les 6tats de sortie en 
reponse a un champ magnetique, effectlvernent 
espaces de facon arquee d'un second angle 6, 
chaque dispositlf Hall etant couple en relation de 
commande avec lesdlts moyens de commutation 
30 pour entrafner les moyens de commutation a 
prendre un desdlts etats quand le premier des 
dispositlfs Hall (70) est effectlvernent a promlmite 
du pdle (50a) d'aimant permanent du rotor, en 
malntenant les moyens de commutation dans 
$5 ledit etat quand run ou I'autre des dispositlfs Hall 
(70) ou les deux sont effectlvernent a promimltd 
dudit pdle d'aimant (50a), at- en faisant retournar 
les moyens de commutation a leur autre etat 
quand le second dispositlf Hall (70) quitte effecti- 
40 vement I'lnfluenoe du p6le magne'tlque (50a), par 
quoi I'arc de commutation de I'almant permanent 
est etendu au-dela du premier angle de son 
espacement arque par des dispositlfs Hall. 
2. Comblnalson selon la revendfcation 1, 
is caracterlsee de plus en ce que les almants perma- 
nents (50) du rotor s'&endent de facon arquee sur 
moins de 180°, les dispositifs a effet Hall sont au 
moins deux moyens de commutation Hall (70) 
pour changer les etats de sortie en reponse a un 
bo champ magnetique, lesdits moyens de commuta- 
tion Hall sont relies en configuration "OU" avec 
I'enroulement quand I'un ou I'autre des moyens 
de commutation Hall repond au champ magneti- 
que d'un aimant du rotor, par quol un enroule- 
55 ment est excite alors qu'un des moyens de com- 
mutation Hall entre dans la champ magnetique de 
I'almant et est desexclti quand I'autre moyen de 
commutation Hall quitte le champ magnetique 
dudit aimant, et par quoi I'arc effectif de commu- 
so tation de I'almant du rotor est augments dans des 
buts de commutation. 

3. Comblnalson selon la revendlcatlon 2, 
caracterlse de plus en ce que le rotor comprend 
deux desdlts almants de rotor (50a, 50b) definis- 
5ff sant, respectlvement, des p6le3 nord et sud fai- 
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sant face aux rnoyens de commutation Hall et des (70) sont espacea de facon arquee de sensible- 

zones arquees non magn&isees entre les deux ment I'espacement arque" entre les deux almants. 

almants, et les deux rnoyens de commutation Hall 
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